Neoadjuvant therapy followed by surgery is a standard treatment for locally advanced oesophageal cancer. However, the roles of neoadjuvant chemoradiotherapy and chemotherapy in treating oesophageal cancer remain controversial. In this comprehensive meta-analysis, we examine the efficacy of adding radiotherapy to neoadjuvant chemotherapy for treating oesophageal cancer as reported in qualified randomized controlled trials (RCTs). We conducted a systematic literature search using PubMed, Embase, Cochrane Library databases, Google Scholar and the American Society of Clinical Oncology database to identify relevant studies up to 31 March 2016. Data including the pathological complete response rate, R0 resection rate and 3-year survival rate were extracted and analysed. Five qualified RCTs were included with a total of 709 patients. Meta-analysis showed that neoadjuvant chemoradiotherapy significantly increases the rates of pathological complete response and R0 resection in patients with oesophageal adenocarcinoma or squamous cell carcinoma (SCC). However, we found a significantly increased 3-year survival rate only in oesophageal SCC patients treated with neoadjuvant chemoradiotherapy compared with neoadjuvant chemotherapy (56.8 and 42.8%, respectively); relative risk (RR): 1.31 [95% confidence interval (CI) 1.10-1.58, P = 0.003]. In oesophageal adenocarcinoma patients, no significant survival benefit of neoadjuvant chemoradiotherapy was found compared with neoadjuvant chemotherapy alone (46.3 and 41.0%, respectively; RR: 1.13, 95% CI 0.88-1.45, P = 0.34). Our meta-analysis adds to the evidence showing that neoadjuvant chemoradiotherapy should be the standard preoperative treatment strategy for locally advanced oesophageal SCC. For oesophageal adenocarcinoma, neoadjuvant chemotherapy alone may be the best preoperative treatment strategy to avoid the risk of adverse effects of radiotherapy.
INTRODUCTION
Oesophageal cancer is the eighth most common malignant tumour worldwide and the sixth most common cause of death from cancer, and there are geographic differences in the occurrence rate [1] . Histologically, oesophageal cancer comprises mainly squamous cell carcinoma (SCC) and adenocarcinoma. In the highest-risk areas, such as China, 90% of cases of oesophageal cancer are oesophageal SCC [2] , whereas in Western countries, oesophageal adenocarcinoma is the predominant pathological type [3] . Despite advances in treating oesophageal cancer, overall survival remains poor, with a 5-year survival rate of 15-34% [4] .
To improve the prognosis of oesophageal cancer patients, recent studies have focused on neoadjuvant therapy. Both randomized controlled trials (RCTs) [5, 6] and meta-analyses [7] have reported that neoadjuvant therapy is more beneficial for patients with oesophageal cancer than surgery alone. In recent studies, neoadjuvant therapy for oesophageal cancer comprises mainly chemotherapy and chemoradiotherapy, but it is unclear whether one type of therapy is superior. A recent meta-analysis [8] reported similar postoperative morbidity and perioperative mortality rates for patients receiving neoadjuvant chemotherapy or chemoradiotherapy for resectable oesophageal cancer. However, only a few studies have compared the long-term efficacy of neoadjuvant chemoradiotherapy with that of neoadjuvant chemotherapy in patients with oesophageal cancer. Thus, it is unknown whether neoadjuvant chemoradiotherapy has long-term survival benefits over neoadjuvant chemotherapy for patients with resectable oesophageal cancer.
Two recent meta-analyses [4, 5] have explored the role of adding radiotherapy to neoadjuvant chemotherapy for treating resectable oesophageal cancer. Both of these studies included only two RCTs [9, 10] , with a total of 194 patients, and the authors of the meta-analyses concluded that it remains unclear whether adding radiotherapy to neoadjuvant chemotherapy augments the efficacy of neoadjuvant therapy for treating oesophageal cancer. Therefore, it is not possible to conclude whether neoadjuvant chemoradiotherapy has a clear advantage in the treatment of oesophageal cancer compared with neoadjuvant chemotherapy with a limited sample size. A newly published meta-analysis [11] investigated whether induction chemoradiotherapy before surgery can improve survival compared with induction chemotherapy alone and found a long-term survival benefit of chemoradiotherapy compared with chemotherapy for oesophageal cancer patients. This meta-analysis included the same two RCTs [9, 10] as the previous meta-analyses [4, 5] and another three non-RCTs, which may have reduced the overall validity of these results when all those trials were pooled.
A recently published RCT [12] that compared neoadjuvant chemotherapy with neoadjuvant chemoradiotherapy for oesophageal cancer raised our interest in the effects of adding radiotherapy to neoadjuvant chemotherapy for treating this cancer. After carefully searching for relevant studies in databases, we found another two RCTs [13, 14] that fit the inclusion criteria of our current metaanalysis. Therefore we had the chance to conduct an up-to-date meta-analysis. The three meta-analyses mentioned above [4, 5, 11] did not examine the innate differences between oesophageal adenocarcinoma and SCC. Different pathological subtypes of oesophageal cancer have different sensitivities to chemotherapy or radiotherapy [15] . We believe that these pathological subtypes should be analysed separately when trying to identify the optimum neoadjuvant therapies for subtypes of oesophageal cancer. Therefore, in our current meta-analysis, we tried to identify the optimum neoadjuvant therapy for oesophageal adenocarcinoma and SCC separately by examining the most recent qualified RCTs. To our knowledge, our meta-analysis is the most comprehensive meta-analysis with the largest qualified sample size to compare the use of neoadjuvant chemoradiotherapy and chemotherapy for treating oesophageal cancers and the first to include subgroup analyses to identify the optimum neoadjuvant therapy for oesophageal adenocarcinoma and SCC.
MATERIALS AND METHODS

Search strategies
We performed systematic computerized searches of the PubMed, Embase, Cochrane Library databases, Google Scholar and the American Society of Clinical Oncology database for reports dated up to 31 March 2016. We used the following search terms: 'esophageal or oesophageal' AND 'cancer or carcinoma or neoplasm' AND 'neoadjuvant or preoperative' AND 'chemoradiotherapy or radiotherapy or radiation' AND 'chemotherapy' AND 'clinical trial'. All reference lists from the trials selected by electronic searching were scanned to identify other relevant trials. 
Study selection
The following criteria were used for study inclusion: (i) RCTs that compared neoadjuvant chemoradiotherapy with neoadjuvant chemotherapy for treating oesophageal cancer (either oesophageal adenocarcinoma or SCC); (ii) sufficient data could be obtained for analysis of the rate of R0 resection, pathological complete response and 3-year survival rate; (iii) for studies with overlapping patients, the most recent or completed study was chosen. The exclusion criteria were as follows: (i) studies that were not RCTs; (ii) papers without any relevant data that could be extracted for analysis; (iii) papers that were not published in English; and (iv) case reports, abstracts, conference reports, reviews and reports of experiments.
Data extraction and quality assessment
Two authors (Han-Yu Deng and Wen-Ping Wang) extracted the data independently from the reports and compared the results. To avoid bias, discrepancies were resolved by adjudication by a third author (Yu-Cang Wang). Data were carefully retrieved from full articles using a standardized data collection form. The following data were collected from each study: first author's name, year of publication, number and ages of patients, pathological subtypes, treatment strategies and follow-up. The outcome variables included the rate of R0 resection, pathological complete response and 3-year survival rate. The Jadad scale [16] was used to assess the quality of the RCTs, and was scored according to the randomization (0-2 points), blinding of the studies (0-2 points) and withdrawals (0 or 1 point). A high-quality study was defined as having a quality score > _3 points. The risk of bias analysis was conducted using Review Manager 
Statistical analysis
We conducted one meta-analysis of the overall results for neoadjuvant chemoradiotherapy versus neoadjuvant chemotherapy in oesophageal cancers. We also conducted two separate subgroup meta-analyses: one meta-analysis for oesophageal adenocarcinoma and a second meta-analysis for oesophageal SCC. All analyses were performed according to the PRISMA guidelines [17] using the STATA 12.0 package (StataCorp, College Station, TX, USA). For dichotomous data such as the rates of R0 resection, pathological complete response, and 3-year survival, the relative risk (RR) and 95% confidence interval (CI) were calculated. For each study, between-study heterogeneity was assessed using the v 2 -based Q statistic and the I 2 test. Random-effects models were used for studies with high heterogeneity (P < 0.1 or I 2 > 50%); otherwise, fixed-effects models were used. Subgroup analysis was conducted on the basis of the pathological subtypes of oesophageal cancers. Sensitivity analysis was performed by sequential removal of each study. A funnel plot was used to estimate potential publication bias. Asymmetry of the funnel plot was tested using Begg's and Egger's tests [18] . Statistical significance was set at P < 0.05. 
RESULTS
Description of the included studies
A flow chart of our analyses is shown in Fig 1. Five RCTs [9, 10, [12] [13] [14] that satisfied the criteria, with a total of 709 patients, were included. The main data extracted from these included studies are listed in Table 1 . The patients with resectable oesophageal cancer in these studies had a median age of about 60 years, and the demographic data were similar in the neoadjuvant chemoradiotherapy and chemotherapy groups. Only four studies compared neoadjuvant chemoradiotherapy with chemotherapy in patients with pathological subtype of either oesophageal adenocarcinoma or SCC. Only one study [12] explored the efficacy of neoadjuvant therapy in both oesophageal adenocarcinoma and SCC. In those studies, nearly all patients in the neoadjuvant chemotherapy group received the combination of cisplatin and fluorouracil, and patients in the chemoradiotherapy group received additional radiotherapy at a dose of 30-40 Gy. All of these studies had a relatively long follow-up. The data analysed in these studies were the rates of R0 resection, pathological complete response and 3-year survival rate. The rates of R0 resection and 3-year survival were reported by all of the included studies, and the rate of pathological complete response was reported by all studies except one [13] (Table 2) .
Quality assessment and risk of bias
The results of the quality assessment of the included studies are shown in Table 1 . All of the RCTs reported randomization and withdrawal of patients, but none mentioned study blinding. Three RCTs [9, 10, 12] with scores of 3 points used proper methods for randomization, but the other two RCTs [13, 14] with scores of 2 points did not provide details about randomization. Our analysis of the risk of bias in the RCTs shows concern about blinding bias, including performance and selection bias, in these studies (Fig. 2) .
Meta-analysis of the overall results for oesophageal cancers
We included all RCTs in the overall analysis, giving a total of 709 patients. The pathological complete response rate was significantly higher in patients treated with neoadjuvant chemoradiotherapy (22.1%) than in those treated with neoadjuvant chemotherapy (3.7%) (RR: 5.71, 95% CI 3.06-10.65, P < 0.001, I 2 = 14.1%) (Fig. 3A) . The rate of R0 resection was significantly higher in oesophageal cancer patients treated with neoadjuvant chemoradiotherapy compared with neoadjuvant chemotherapy alone (89.1 and 76.9%, respectively) (RR: 1.15, 95% CI 1.08-1.23, P < 0.001, I 2 = 0.0%) (Fig. 3B) . The 3-year survival rate was significantly higher in patients treated with neoadjuvant chemoradiotherapy (52.0%) than in those treated with neoadjuvant chemotherapy alone (42.0%) (RR: 1.23, 95% CI 1.06-1.43, P = 0.006, I 2 = 40.0%) (Fig. 3C ). Even though no obvious heterogeneities were observed in the overall analysis, oesophageal adenocarcinoma and SCC are different entities. We next performed separate subgroup analyses of oesophageal adenocarcinoma and SCC to explore the efficacy of adding radiotherapy to neoadjuvant chemotherapy in treating these subtypes of oesophageal cancers.
Meta-analysis of the results for oesophageal adenocarcinoma
Only three studies, with a total of 325 patients, reported the efficacy of adding radiotherapy to neoadjuvant chemotherapy for treating oesophageal adenocarcinoma. In oesophageal adenocarcinoma patients, neoadjuvant chemoradiotherapy yielded significantly higher rates of pathological complete response (RR: 4.69, 95% CI 1.92-11.45, P = 0.001, I 2 = 0.0%) (Fig. 3A) and R0 resection (RR: 1.18, 95% CI 1.07-1.30, P = 0.001, I 2 = 0.0%) (Fig. 3B) . However, the 3-year survival rate did not differ significantly between oesophageal adenocarcinoma patients treated with neoadjuvant chemoradiotherapy and those treated with chemotherapy (46.3 and 41.0%, respectively) (RR: 1.13, 95% CI 0.88-1.45, P = 0.34, I 2 = 55.6%) (Fig. 3C ).
Meta-analysis of the results for oesophageal squamous cell carcinoma
Three studies, with a total of 384 patients, were included in the analysis of oesophageal SCC. In oesophageal SCC patients, neoadjuvant chemoradiotherapy yielded significantly higher rates of pathological complete response (RR: 6.73, 95% CI 2.81-16.12, P < 0.001, I 2 = 71.8%) (Fig. 3A) and R0 resection (RR: 1.14, 95% CI 1.04-1.24, P = 0.005, I 2 = 0.0%) (Fig. 3B) . The 3-year survival rate was significantly higher in oesophageal SCC patients treated with neoadjuvant chemoradiotherapy than in those treated with chemotherapy (56.8 and 42.8%, respectively) (RR: 1.31, 95% CI 1.10-1.58, P = 0.003, I 2 = 34.2%) (Fig. 3C ).
Sensitivity analysis and publication bias
To evaluate the stability of our overall results, we performed sensitivity analysis by sequential removal of each study based on the overall analysis. The sequential removal of each study did not change the outcomes of the primary overall analysis (Fig. 4 ). Publication bias was tested using Begg's and Egger's tests, and suggested no publication bias. The funnel plot of the overall analysis of 3-year survival rate had a symmetrical appearance (Begg's test: P = 0.26; Egger's test: P = 0.65) (Fig. 5 ).
DISCUSSION
Oesophageal cancer is an aggressive disease with poor prognosis, and surgical resection is the standard treatment option for early stage oesophageal cancer. However, most patients with newly diagnosed oesophageal cancer present with locally advanced disease [19] and, for these patients, surgery alone is far from the optimum treatment strategy. Thus, recent studies have focused on multidisciplinary treatment strategies such as adjuvant therapy and neoadjuvant therapy. Accumulating evidence indicates that neoadjuvant therapy followed by surgery produces better overall survival than surgery alone for locally advanced oesophageal cancer [20] . However, controversy remains about whether neoadjuvant chemoradiotherapy is superior to neoadjuvant chemotherapy in the preoperative treatment of oesophageal cancers. Only a few RCTs [9, 10, [12] [13] [14] have explored the value of adding radiotherapy to neoadjuvant chemotherapy in treating oesophageal cancer. However, their conclusions differed, and there is no agreement about whether neoadjuvant chemoradiotherapy is superior to neoadjuvant chemotherapy. Two previous metaanalyses [4, 5] compared neoadjuvant chemoradiotherapy with chemotherapy. Because of the limited number of RCTs (only two RCTs were included), both meta-analyses concluded that there is no significant survival benefit by adding radiotherapy to neoadjuvant chemotherapy for treating oesophageal cancers. A recent meta-analysis that included two RCTs and three non-randomized controlled studies [11] concluded that neoadjuvant chemoradiotherapy has a benefit for long-term survival in oesophageal cancer patients. However, the validity of this meta-analysis may be questioned because of the inclusion of three non-randomized studies.
The previously published meta-analyses did not address the fact that oesophageal adenocarcinoma and SCC are two distinct entities and, thus, treating them as a single entity may decrease the analytical power. The ability to draw a definitive conclusion about the efficacy of adding radiotherapy to neoadjuvant chemotherapy for treating oesophageal cancer requires the inclusion of all available RCTs (relatively high level of evidence) and separate analyses for oesophageal adenocarcinoma and SCC. After comprehensively searching the databases, we found five qualified RCTs [9, 10, [12] [13] [14] with a total of 709 patients. With this larger sample size, we were able to perform both an overall meta-analysis for oesophageal cancer and separate subgroup analyses for oesophageal adenocarcinoma and SCC.
In our meta-analysis, we found that neoadjuvant chemoradiotherapy significantly increased the rates of pathological complete response and R0 resection for patients with oesophageal cancer compared with neoadjuvant chemotherapy. Our subgroup analyses found the same results for both oesophageal adenocarcinoma and SCC, which supports the validity of our analyses. However, only oesophageal SCC patients obtained survival benefits from adding radiotherapy to neoadjuvant chemotherapy, and neoadjuvant chemoradiotherapy conferred no clear advantage over neoadjuvant chemotherapy in oesophageal adenocarcinoma patients.
Neoadjuvant therapy followed by surgery has become the standard treatment modality for locally advanced oesophageal cancer. Because neoadjuvant chemoradiotherapy seems to increase the rate of adverse effects compared with neoadjuvant chemotherapy alone in oesophageal cancer patients [21] , it is important to determine whether adding radiotherapy to neoadjuvant chemotherapy confers survival benefit compared with neoadjuvant chemotherapy alone. Previous studies [4, 5, [9] [10] [11] [12] [13] [14] have tried to compare these two neoadjuvant therapies, but there is no agreement on any definite role of adding radiotherapy to neoadjuvant chemotherapy for treating oesophageal cancer. Our current meta-analysis showed significantly higher rates of pathological complete response, R0 resection and 3-year survival for neoadjuvant chemoradiotherapy compared with neoadjuvant chemotherapy. Previous studies have shown that the combination of radiotherapy and chemotherapy can increase the efficacy of each modality for treating oesophageal cancers [22] . Therefore, our analysis adds to the evidence indicating that the combination of radiotherapy and chemotherapy is superior to chemotherapy alone as preoperative treatment for oesophageal cancer.
Even though the benefit of significantly increased rate of pathological complete response and R0 resection from neoadjuvant chemoradiotherapy was observed in both oesophageal adenocarcinoma and SCC groups, our analysis showed that adding radiotherapy to neoadjuvant chemotherapy significantly increased the 3-year survival rate only for patients with oesophageal SCC. This difference in the responses to chemoradiotherapy of these two subtypes of oesophageal cancer may be explained by intrinsic differences between the disease subtypes. Accumulating evidence suggests that oesophageal SCC responds better to chemoradiotherapy, whereas oesophageal adenocarcinoma seems to respond better to chemotherapy [20] . Previous studies have reported that patients with oesophageal SCC treated with neoadjuvant chemoradiotherapy had a higher pathological complete response rate and longer overall survival than patients with oesophageal adenocarcinoma [6, 19] . Therefore, both our overall results and subgroup results are consistent with the idea that neoadjuvant chemoradiotherapy should be the standard preoperative treatment strategy for locally advanced oesophageal SCC, whereas neoadjuvant chemotherapy alone may be the best preoperative strategy for adenocarcinoma for avoiding the adverse effects of radiotherapy. Further research is needed to confirm this conclusion.
Our current meta-analysis has several limitations. First, our sample size of 709 patients is still smaller than that in most metaanalyses. This may have affected our subgroup analyses, which limits our analytical power. Second, some of the included studies were not ranked as high quality, which could also decrease the validity of our meta-analysis. Third, we found possible heterogeneities in our subgroup analyses, which may relate to the small subgroup sample sizes or to differences in chemoradiotherapy dose or surgical procedures in the included studies. Fourth, there is a potential risk of bias in our analyses because performance and selection bias was found in the included RCTs.
Despite these limitations, our meta-analysis is the first to explore the role of radiotherapy added to neoadjuvant chemotherapy for treating oesophageal adenocarcinoma and SCC analysed separately. Our meta-analysis provides evidence that neoadjuvant chemoradiotherapy is beneficial in the preoperative treatment of oesophageal SCC whereas neoadjuvant chemotherapy alone may be best for treating oesophageal adenocarcinoma. There are two ongoing RCTs on this issue [23, 24] , but we believe that more RCTs are needed to compare neoadjuvant chemoradiotherapy and chemotherapy in treating oesophageal SCC and adenocarcinoma as distinct entities.
CONCLUSIONS
Our current meta-analysis compared neoadjuvant chemoradiotherapy with neoadjuvant chemotherapy in the preoperative treatment of oesophageal cancer. We found that adding radiotherapy to neoadjuvant chemotherapy significantly increased the rates of pathological complete response and R0 resection for both oesophageal SCC and adenocarcinoma. However, a survival advantage of neoadjuvant chemoradiotherapy was observed only in patients with oesophageal SCC. We conclude that neoadjuvant chemoradiotherapy should be the standard preoperative treatment for oesophageal SCC, and neoadjuvant chemotherapy should be the preoperative treatment for oesophageal adenocarcinoma.
